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It is generally thought that alarm substance cells (ASC) found in fish epidermis evolved as a
means of reducing predation risk via the release of a chemical substance these cells hold.
Previous work by us has shown in the predatory minnow, Creek Chub (CC, Semotilus
atromaculatus), that individual variability in ASC densities is associated with size, mucous cell
density, epidermal thickness, and black spot parasite load (Neascus pyriformes) (Figure 2).
Here we focus on the Hornyhead Chub (HC, Nocomis biguttatus) for the purpose of assessing
the general nature of the relationships uncovered earlier, especially as it applies to non-
predatory minnows. We explored the effects of black spot parasite burden, fish length,
epidermal thickness and mucus cell densities on ASC.
INTRODUCTION
METHODS
HISTOLOGY
PATH MODELS
Explaining variability in ASC for Chub
• Forty-nine HC were collected from UW Stevens Point museum archives.
• We excised a section of epidermis from the nape of the fish and subjected the samples to a
dehydration and fixation process.
• The tissue sections were stained using varying concentrations of ethanol, Schiffs’ reagent,
and Eosin Y counterstain to color the alarm substance cells.
• Slides were imaged by randomly selecting one tissue section per slide under 20x
magnification.
• From the image, we counted the number of ASC and mucous cells present, and measured
surface area and thickness measurements.
• Two observers examined 300 stained cross sections (six sections per fish).
A Hornyhead Chub displaying the black spots 
of Neascus pyriformis metacercariae
ASCs and mucous cells in the
HC epidermis.
Cross section of Neascus pyriformis
metacercariae (20x magnification).
Metacercariae
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SUMMARY
We have identified several patterns in the distribution of epidermal
ASC in HC.
1) ASC densities were found in larger fish and in fish with lower
parasite loads.
2) Unlike in the CC, ASC densities were not correlated with mucous
cell densities or epidermal thickness.
3) Our findings support the anti-parasite hypothesis; however, the
direction of the ASC-parasite burden relationship (-) suggests that
these cells may provide chub with immunity against the black spot
parasite. Such a mechanism has not been previously reported.
HORNYHEAD CHUB AND CREEK CHUB COMPARISON
Similarities and Differences:
1) Similarities: For both species, an increase in fish size resulted in a decrease of ASC
densities. We suspect that the weaker relationship in HC may contribute to species
differences in the two path diagrams reported here.
2) Differences: The majority of variability in ASC densities in HC can be  explained by fish length 
and black spot density, while the variability in CC was explained by length, epidermal 
thickness, and  mucous cell density.  
Future work will focus on exploring more fully the basis for the species differences seen here. We
are especially interested in understanding the mechanistic basis for the effects of fish size on ASC
densities.
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We used Path Analysis to characterize the direct and indirect effects of the four variables on ASC
densities. Our model explained 47% of the variability in ASC densities. Fish length and black spot
density explained nearly all of this variability, affecting ASC densities either directly or indirectly.
Mucous cell density and epidermal thickness had no significant effect on ASC densities.
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Figure 2. Creek Chub path analysis
diagram (Meller et al., unpublished).
Figure 1.  Hornyhead Chub Path Analysis in relation to ASC density.    
ROLE OF FISH SIZE
Basis for species differences in path diagrams?
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The path models indicate that fish size is a stronger predictor of
ASC densities in CC than in HC. One possible basis for this
difference is that parasite load in CC is strongly size dependent.
This size effect in HC is much weaker.
Hornyhead Chub
Creek Chub
